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Quantifying the Military Value of AUSV 
Professor of Practice Jeffrey Kline: NPS Operations Research 
 
Large maritime unmanned surface vessels are being considered for a 
variety of missions, from surveillance to being paired with manned 
systems in anti-submarine and anti-surface warfare missions.  This 
presentation will discuss how the NPS SEED Center and maritime 
tactical development team uses advanced experimental design and 
massive simulations to discover important aspects (physical and 
employment decisions) of various concepts, technologies, and tactics to 
quantitatively assess the military value of unmanned systems and 
advance the development of their tactical employment.  A current 
project, understanding the value of a large unmanned system equipped 
with anti-submarine sensors and weapons paired with a P-8 maritime 






Fly Forever: Using High Efficiency and Lightweight GaAs 
Solar as an Auxillary UAV 
Mr. Rob Parenti: Alta Devices 
 
Thin gallium-arsenide (GaAs) solar cells manufactured through epitaxial 
liftoff can offer high-efficiency, reduced costs and high power to weight 
ratios perfect for UAV applications. Alta Devices, in particular, is one 
thin-film GaAs manufacturer which holds world records for terrestrial 
solar cell conversion efficiency of single and dual junction cells. As a 
result, this solar technology is capable of increasing UAV endurance 
indefinitely in some instances.  
Ultimately, solar cell price and performance will be key to the UAV 
industry’s ability to grow (especially for high-altitude long endurance or 
beyond visual line of sight applications) by providing increased 
endurance through a renewable energy source. This presentation will 
provide an overview of applicable solar performance metric for UAVs, 
the different solar technologies available, show the advantage of thin-
film GaAs , and present applicable case studies. 
2 
USMC Logistics Sustainment via Cargo Unmanned 
Vehicles 
Capt Elle Ekman, USMC: NPS Operations Research 
 
To support highly maneuverable units dispersed over operational areas, 
Marine Corps logistics must be responsive, flexible, and sustainable. This 
becomes difficult with increasingly complex terrain and large areas of 
operation. Progressively reliable unmanned systems could reduce 
Marine risk and workload, and increase throughput, efficiency, and 
flexibility in logistics processes. No concept of operation or employment 
currently exists for unmanned logistics system (ULS) sustainment 
however, and so this research attempts to gain insight into how ULSs 
can be leveraged to logistically support dispersed small units.  
 
This research utilizes a discrete event simulation that models a Marine 
Corps logistics chain from the sea to dispersed units on the battle space. 
The simulation focuses on supplies moving through the unit logistic 
chain both in a traditional linear manner from a “higher” unit to a 
“lower” unit, as well as a hub-and-spoke method where a single unit 
predominately handles the logistics throughput. The simulation is then 
run using a design of experiments (DOE). The DOE varies the 
simulation’s input factors so that, in combination with data analytics, 
we can see what factors are important to a successful ULS simulation 
run, and thus can inform decision makers in the creation of ULS 
concepts of operation and employment. This research also looks at the 
variability that comes with real world scenarios, and attempts to 
categorize risk.  The simulation is based on a recent scenario done by 
the Marine Corps Warfighting Lab (MCWL), and this research is 
concurrent with work being done by Marine Corps Installation & 






Study of Security Primitives for the Robot Operating 
System (ROS) of UAV Swarms 
Dr. Preetha Thulasiraman: NPS Electrical & Computer 
Engineering 
 
The global presence of the Navy’s unmanned systems makes it 
increasingly vulnerable to outside threats. Cybersecurity must be 
addressed. A continuation of work stated in FY16, the research 
established baseline encryption and authentication algorithms to deal 
with communication link vulnerabilities and was a stepping stone to 
developing a comprehensive security architecture for the UAV system. 
This research proposes to take those baseline algorithms and apply 
them to the other major vulnerability of the UAV network - the Robot 
Operating System (ROS).   While ROS has been heavily used in the NPS 
swarm, its security has not been characterized.  For ROS to be 
considered a tool for government applications, its security and 
vulnerabilities must be investigated.  Of particular interest is the plain 
text nature of ROS messages.  This makes it easy for third parties to 
spoof and decipher messages. This has serious implications in the 
context of a UAV swarm. Thus far, security is not part of the ROS design. 
There has been limited work in the literature to study elements of ROS 
security including authentication and encryption. However, there is not 
a cohesive security framework that has been developed nor has ROS 
been studied from the context of a military UAV swarm and all the 
implications and constraints that come with that.     
 
The scope of this work is focused on security threats to ROS including:  
1) the lack of authentication: malicious actors can fiddle with the system 
and inject messages (similar to man in the middle attacks); 2) the lack of 
encryption: unauthorized listeners can gather information; and 3) lack 
of authorization:  remote clients can access the entire ROS system 
without proof of permission (this is usually coupled with 
authentication).  In this talk, we present preliminary solutions to each of 
these threats and provide theoretical avenues for implementation. 
4 
MEMS Acoustic Sensor for Drone Detection 
LT Todd Coursey, USN: NPS Physics 
Low-cost unmanned aerial vehicles (UAVs) are equipped with a variety 
of passive and active sensors and increasingly sophisticated 
technological capabilities; everything from cameras and radio frequency 
collection devices to commercially available materials that culminate in 
deployment of weapons. It is widely assumed that targets of vital 
interest are being watched and targeted. Bottom line, UAV operations 
are not limited to overseas battlefields; they have already been used to 
disrupt our daily routines within the continental United States and WILL 
exploit and violate traditional security measures surrounding our 
borders, DoD facilities, nuclear facilities and public venues. Because 
UAV emerging technologies are driven by commercial applications, and 
most components are available in off-the-shelf applications, it is likely 
that near future UAVs will be as capable as the best of our small 
systems in operation today. Technologies used to counter UAV threats 
on the battlefield are not effective within our own borders. Planners 
cannot assume they are exempt from fines or prosecution for violating 
civil airspace or spectrum management policies in the interest of 
thwarting a potential hazard, counter UAV operations in most cases 
must be in compliance with Federal Laws. 
  
Numerous commercial and Federal organizations are exploring products 
that will disrupt and destroy Low Slow UAVs. Engagement methods 
range from simple and low tech such as air blasts, and small munitions –
to- more sophisticated and costly outcomes such as Peregrine or 
counter attack UAVs. By deploying and repurposing technologies such 
as MEMS, low-end microphones (such as those found on all 
smartphones); our acoustic system could provide UAV triangulation and 
early warning on simple technology with a transmittable beacon for the 
identification and subsequent engagement. Apps can be created (from 
the acoustic signature) that can display information about the type of 
UAV detected, which will then determine appropriate engagement 
methods. By seeking out and establishing cooperative partnerships, we 
will then be able to resource and collaborate with other Federal 
agencies to integrate our current acoustic research with other programs 
and present best options for an integrated total system that will address 
the follow on concerns from identification to engagement of low slow 
UAVs.   
5 
R&D Concepts to Navy Capability through At-Sea 
Testing 
Mr. Bret Thomson: SSC PAC 
 
Delivering a product to the navy requires more than research. An at-sea 
demonstration requires secure waterspace, access to the water, lab 
space, environmental approvals, boats, and divers. At sea- testing and 
evaluation is a big part of the Maritime Systems Division at SSC- Pacific. 
Our lab is focused on R&D (vice production), and provides the Navy a 
"concept to capability" service. The facilities in San Diego and San 
Clemente Island allow rapid prototyping and testing, enabling us to "fail 
fast and learn fast."  Our test facilities in San Diego and SCI allowed us to 
build capabilities with very little money.  
 
In 2009, we set out to design an Autonomous Burial Vehice; a UUV 
capable of burying a cable in the seafloor.  Using scrap metal, PVC pipe, 
duck tape, and divers, we created a video showing the first generation 
"Autonomous Burial Vehicle." Though crude, the video showed the art 
of the possible- an autonomous vehicle, able to climb over objects on 
the seafloor, while burying a cable. This video got sponsor's attention, 
and thus a larger round of funding. We would go on to make two more 
vehicle iterations (with two more rounds of funding), to the point of 




Robodata Archive for Visualizing CRUSER Unmanned 
System Field Experimentation 
Dr. Don Brutzman: NPS Undersea Warfare 
NPS performs many experiments with unmanned systems but few projects 
are able record results in a systematic reusable way. The robodata.nps.edu 
project is designed to establish NPS data-collection capabilities for a wide 
variety of unmanned system experiments. Utilizing open assets in a 
repeatable, sustainable way can build an institutional archive of worthy 
examples that is easy to adopt. Initial implementation efforts are 
establishing NPS data-collection capabilities for unmanned system 
experiments. Comprehensive display of results is performed using the 
Spatio-Temporal Oceanographic Query System (STOQS) from Monterey Bay 
Aquarium Research Institute (MBARI), an open-source data server that 
provides comprehensive tools for archiving, analyzing and visualizing data 
from a wide range of scientific missions. Fully open and extendable, STOQS 
includes an effective query interface, Web-based plots, dataset retrieval, 
and playback for scientific visualization using the X3D Graphics 
International Standard. Data is crucial, but only part of the challenge. 
Metadata is about forms of data relating to other data. For example, 
metadata can provide a variety of information regarding a document such 
as author, date revised, relevant key words, etc. Metadata is crucially 
important for describing collected data, supporting search, and enabling 
mashups to create new information. The following metadata is needed for 
any meaningful mission data collection effort: 1) Mission information. Who, 
what, when, where, why and how; 2) Telemetry datasets. The raw data, as 
collected or in compressed form: 3) Telemetry metadata. Precise details are 
needed for each sensor measurement including units, configuration, etc; 3) 
Images and captions. What does each picture mean? Tell the viewer what it 
means; 4) Video recordings. Short clips or links are accepted. Include 
start/stop times, location (or correlation to robot-location track), etc. 
Current work includes definition of a series of survey forms to facilitate 
data collection and metadata archiving by robot operators. We are further 
able to export database information as precise metadata terms to produce 
search-accessible catalog entries for the Calhoun Institutional Archive at 
NPS Dudley Knox Library. Once procedures and operational processes are in 
production and tested satisfactorily, we are next looking at publishing 
resource catalog metadata as part of the Defense Technical Information 
Center (DTIC) collections. 
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Developing Autonomy within a Multi-Domain UxS 
Network Control System 
Dr. Doug Horner: NPS Mechanical & Aerospace Engineering 
 
Power projection, domain awareness and area denial have 
fundamentally changed with the advent of unmanned systems. 
Unmanned Aerial, Surface, Ground and Undersea Systems (UxS) can be 
used effectively to bring forces from sea to shore. To gain greatest 
utility from such a system, one must take advantage of the inherent 
strengths while mitigating the weaknesses associated with the sensing, 
mobility and communications of each of the individual platforms. 
Additionally, the UxS should be adaptable in its ability to support on 
ground forces through distributed or centralized control. 
 
This research initiative views the UxS as a single system – a Network 
Control System (NCS). The research question is how to develop a 
mathematical and experimental framework for the NCS that supports 
the development of autonomy within the system. Central to the effort is 
the communications topology. It determines the ability to spread 
information throughout the network. It is not necessary that all 
components of the system be connected at all times, only that 
information is transmitted through the network in a methodology that 
effectively supports mission objectives.  
 
This presentation describes upcoming CRUSER experimentation at San 
Clemente Island (SCI) which seeks to demonstrate an initial UxS using a 
mesh communications infrastructure. It will describe an initial 
hierarchical approach that combines optimal trajectories of UxS 
collaborative components with coordination for optimizing 
communications between aerial vehicles. The experiment is designed to 
support a Naval Special Warfare Maritime Operations mission objective 
with COMTHIRDFLT distributed fire support. 
8 
L1 Adaptive Control 
LT Ryan Beall, USN: NPS Systems Engineering 
 
The field of adaptive control offers techniques for increasing 
performance and robustness in numerous settings and applications.  
Adaptive control is different than traditional feedback in that it offers a 
mechanism for adjusting the controller's parameters to reduce plant 
uncertainty.  Traditional feedback control utilizes parameters, which are 
specified by the engineer to optimize an ideal use case, which often 
times requires extensive tuning and testing.  Adaptive controllers adjust 
their control parameters using various intelligent mechanisms designed 
to increase robustness to plant variation or unanticipated disturbances.  
Adaptive control has many applications in the aerospace domain to 
include control strategies when aerodynamic coefficients are unknown 
or are non-constant, actuator failure, airframe damage, etc.   This 
research evaluates fixed wing UAS controller performance and 




Leveraging Complexity Science and Emergence for a 
Self-organizing Battlespace 
Dr. Josef Schaff: NAVAIR 
 
The network-centric battlespace is constructed from thousands of 
decentralized nodes that need to share a world model known as a 
common operational picture (COP). The nodes represent each element 
of the battlespace, and consist of the functional element with aspects of 
communication and simple autonomy. Each node is mapped to a mobile 
vehicle or static intelligent communication device, and in some cases, 
can consist of several intelligent sensors at a single location. To 
effectively manage the battlespace, each node should have some 
awareness of the topology of the force laydown, as well as the relative 
position of some of its neighbors. This knowledge would facilitate rapid 
self-organizing strategies for dynamic routing of priority data between 
nodes in one section of the battlespace, with a more distant section. 
The chosen topology can affect network failures as well as the success 
of network attacks, and this information should be transferred within a 
sparse data element, similar to the stigmergic information used by ant 
colonies (pheromone marker) and beehives (bee “dance”). Recent work 
has shown that spatially distributed large ad-hoc networks lose edge-
node communication due to scaling issues for the large numbers of 
networked nodes needed for a battlespace. This can compromise 
availability within the network. To further complicate matters, a 
Congressional Research Report from 2007 showed that the resulting 
scaling limitations were caused by a combinatorial explosion, due to the 
massive number of route calculations needed for large scale ad-hoc 
networks. This research investigated an adaptive fractal algorithm 
(NPPR) for emergent self-organizing topologies, that may improve the 
availability and resiliency for large ad-hoc networks required for cyber 
offense and defense. The results of this study showed stigmergic 
behavior, where two variables were able to dynamically convey the 
collective topology to all network nodes. By using a linear equation 
similar to the point-slope line equation, the calculation requirement for 
each node to compute the relative positions of 10,000 other nodes in 
under 100 milliseconds, was met by even the slowest computational 
nodes. The resulting topologies exhibited swarm-like self-organizing 
behaviors that clustered around targets and rendezvous points. 
10 
Ant Weight Battle Bots as Learning Tools 
Professor Kristen Tsolis: NPS Defense Analysis 
 
Ant Weight Battlebots are a low-cost high-impact way to be introduced 
to robots. These combat robots weigh one pound or less, and even with 
their small size, builders can develop a foundational understanding of 
robot design, fabrication, control, and electronics. Designs may range 
from simple Lego-built structures to elegantly designed titanium-caged 
fighting machines as long as the one pound rule is maintained.  
 
In December 2016, CRUSER and the RoboDojo held our first Ant Weight 
Battlebot competition. This presentation will provide an overview of 
how ant weight battlebots fit into the ecosystem of competitive 
learning robotics, our series of workshops leading up to the 
competition, fabrication of our arena, safety considerations, the 





Developing Commander's Decision Making Support 
Tool for UAS Mission Situational Awareness of Cyber 
Threats & Vulnerabilities 
CAPT Reza Ghaffari, USN (ret): PMA 266 
 
Today, Cybersecurity challenges are growing rapidly as our Information 
Technology architecture getting more sophisticated and complex. Our 
level of demand to acquire greater number of qualified cybersecurity 
professionals in order to counter these threats is growing in much 
higher speed than we can supply.  The only choice we have is to be 
more efficient, effective and selective I order to identify high priority 
and essential areas to focus and make a positive difference for better 
result and success of our mission.  
 
Protect, Detect, React, and Restore sounds great, but it should be in the 
areas that are going to reduce/degrade our mission readiness. We have 
to be selective and focus on the Security Controls that can impact to our 
mission functionalities and readiness.  
 
How DoD is focused on directive compliance when it comes to 
Cybersecurity certification, but seems to lack emphasis on day-to-day 
execution of operations/missions functionalities per relative cyber 
threats and vulnerabilities.  While there may be no question that a 
"checklist" or other process is needed, the ability to implement a 
justifiable process that can be implemented and utilized with sufficient 
cyber threat evidence may be a concern. 
12 
Autonomous Cross Domain Preparations of 
Environment (POE) 
Dr. John Wilcher: Georgia Tech Research Institute (GTRI) 
 
Autonomous systems are uniquely equipped to provide operational 
preparation of environment (POE) for many littoral-based missions.  
Armed with recent advances in autonomous capabilities – situational 
awareness, distributed tasking and others, unmanned systems are 
poised to expand beyond their typical single-domain focus.  
Developments in hybrid unmanned vehicles and cross-domain tasking 
provide opportunities for a more comprehensive littoral POE.  This 
session will demonstrate recent accomplishments in GTRI's autonomous 
systems development with an eye towards cross-domain POE.  
Prototyping and concept development examples will be provided to 
demonstrate potential solutions to littoral POE.  GTRI's research 
pertaining to innovative undersea warfare effects and its relation to 





Developing a Training System for Web Fires 
LCDR Daniel DeCicco, USN; LT Matthew Alvarez, USN; LT 
Benjamin Arnett, USN; LT Michael Hook, USN; LT Austin 
Thompson, USN; LT Kevin Weeks, USN; LT Seng Yee, USN: NPS 
Systems Engineering Analysis 
 
SEA 25 TASKING: Design a fleet system of systems and concept of 
operations for employment of a cost effective training system capable 
of preparing naval warfighters to employ and leverage the web fires 
concepts and technologies in the 2025-2030 timeframe.   
• Consider training across warfare specialties and missions.  
• Conduct research to provide a solid foundation of knowledge 
requirements for a web fires fleet concept.  
• Complete a gap analysis by comparing current fleet training 
with the required training to leverage cross domain and cross-
platform capabilities in a warfighting environment.  
• Scan for current examples of cross-domain training and current 
training simulation from DoD and industry.   
• Develop a system architecture addressing responsible 
command, training requirements, training and exercise venues, 
and training participants to fill discovered gaps in meeting the 
knowledge requirements.   
• Assess the proposed system against the principles of high 
velocity learning found in the CNO's "A Design for Maintaining 
Maritime Superiority" 
 
TDSI Cohort: LT Ryan Beall, USN; LT Preston Tilus, USN; ENS 
Clayton Petty, USN; MAJ Dor Kronzilber, IDF; ME5 Ang Chin Beng, 
RSAF; ME5 Ang Pak Siang, RSAF; ME5 Kan Wei Sheng, Singapore 
Army; CPT Ang Wee Kiong, Singapore Army; CPT Hoon Dingyao, 
Singapore Army; CPT Gay Wee Choon, Singapore Army; CPT Soh 
Yuan Wei, Singapore Army; Yee Jian Hong, DSTA; Ang Cheng Hai, 
DSTA; Han Keng Siew, DSTA; Foo Yueng Hao, DSTA; Chin Hon 
Keong, ST ENG; See Hongze, ST ENG; Toh Ying Jie, ST ENG; Lai 
Wee, ST ENG; Tan Choon Seng, ST ENG 
  
14 
Cognitive Psychology and Autonomous Systems 
Dr. Mollie McGuire: NPS Information Sciences  
 
There are many challenges that must be overcome for human-machine 
interactions to become successful human-machine teams. Some of 
these challenges, such as trust, communication, and shared mental 
models are essential for successful teams, and yet problematic for 
humans interacting with machines. This presentation covers some of 
the challenges associated with human-machine teaming, the latest on 
research addressing those challenges, and areas where more research is 
needed. Understanding and overcoming these challenges will enable 
greater acceptance of the machine in a team dynamic, and increase the 
likelihood that it will ultimately be perceived as a teammate. 
  
15 
Designing UxS for Military Use: Harnessing AI to 
Provide Augmented Intelligence 
CAPT George Galdorisi, USN (ret); Mr. Bryan Tollefson; Ms. 
Rachel Volner: SSC PAC 
 
One of the operational and technical challenges of fielding unmanned 
systems with even more autonomy is the rising cost of military 
manpower—one of the fastest growing military accounts—and the 
biggest cost driver in the total operating cost (TOC) of all military 
systems. Because of this, the U.S. military has sought to increase the 
autonomy of its unmanned systems in order to drive down TOC. As 
military unmanned systems have become more autonomous, concerns 
have surfaced regarding a potential “dark side” of having future armed 
autonomous or semi-autonomous systems make life-or-death decisions. 
Some of these concerns emerge from popular culture, such as movies 
like 2001: A Space Odyssey, Her, and Ex Machina, among others. 
Whether the movies are far-fetched or not isn’t the point, what is 
important is that the ethical concerns regarding to potential 
employment of armed autonomous or semi-autonomous systems are 
being raised in national and international media. While the DoD has 
issued guidance regarding operator control of autonomous vehicles, 
rapid advances in artificial intelligence (AI) have exacerbated concerns 
that the military might lose control of armed autonomous or semi-
autonomous systems. The challenge for autonomous systems designers 
is to provide the military not with completely autonomous systems 
where artificial intelligence obviates the need for humans in the loop, 
but with systems with augmented intelligence that provide the operator 
with enhanced warfighting effectiveness. The DoD can use the 
experience of the automotive industry and driverless cars to help design 
the right degree of autonomy into its systems. As testing of these 
vehicles has progressed, and as safety and ethical considerations have 
emerged, carmakers have tempered their zeal to produce completely 
autonomous vehicles, and have looked to produce cars with augmented 
intelligence to assist the driver. Harnessing AI to provide warfighters 
with unmanned systems with augmented intelligence—vice fully 
autonomous vehicles—may hold the key to overcoming the ethical 
concerns that currently limit the potential of military autonomous 
systems. 
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Analysis & Experimentation of an Autonomous Aerial 
Manipulator Interaction with a Vertical Wall 
Capt Bruno Tavora, Brazilian Air Force; Dr. Hyeongjun Park; Prof 
Marcello Romano; Prof Xiaoping Yun: NPS Mechanical & 
Aerospace Engineering/Electrical & Computer Engineering 
 
The applications of unmanned aerial vehicles (UAVs) are usually limited 
to the exchange of information for tasks without physical interaction 
such as tracking, surveillance, mapping, and visual inspection. The use of 
UAVs equipped with robotic arms, capable of interacting with the 
environment, could significantly increase their capability. In recent 
years, a new area of research has been growing on the use of aerial 
manipulators for a larger variety of applications, such as physical 
inspection, maintenance, cleaning walls, and collecting objects in areas 
of difficult access. An important problem that has not been addressed 
by the academic community is the interaction between a multicopter 
equipped with a robotic arm and a vertical wall. There are several 
applications that would demand such study, like performing 
maintenance on a piece of a vertical equipment, cleaning a wall, 
opening a door knob, or rescuing from a tall building. However, there is 
no record in the literature of an aerial manipulator, with a more 
complex robotic arm, capable of producing forces or torques about any 
direction under interaction with a vertical obstacle.  
 
We have conducted analysis and experimentation on the aerial 
manipulation on a wall, taking advantage of an indoor laboratory facility 
and a multicopter equipped with a three-link robotic arm.  Simulations 
and experiments have been implemented to generate desired force and 
torque against a vertical wall using a multi-layer control algorithm. To 
address difficulties caused by the near-wall effect, a near-wall effect 
model has been developed and experimentally verified. An overview of 
the wall-interaction controller and analysis on results from simulations 




DIUx Innovation Loop - COTS+ for UAS 
ENS Clayton Petty, USN: NPS Mechanical & Aerospace 
Engineering 
 
The Defense Innovation Unit - Experimental (DIUx) is a Silicon Valley-
based innovation effort that supports the Office of the Secretary of 
Defense to rapidly accelerate commercial techology for the Department 
of Defense. In that spirit, there are a variety of COTS technologies which 
can provide an outstanding tactical offset in the realm of UAS. However, 
many of these would benefit greatly from specific warfighter 
enhancements both in software and in hardware. Thus, a COTS+ 
innovation cycle should be explored. A short exemplar of this design 
loop is explored in this presentation as applied to blue-force UAS use 
downrange. 
18 
Innovative Experimentation Enables Effective 
Employment of Unmanned Systems 
Professor Susan Sanchez; Dr. Tom Lucas: NPS Operations 
Research 
 
Simulation experimentation is integral to modern scientific research, 
national defense, and in public policy debates. Simulations allow us to 
virtually run experiments in cases that may be prohibitively expensive or 
even infeasible in the real world. These experiments can inform on 
trade-off studies, system performance, and operational tactics. These 
simulation models tend to be extremely complex, with thousands of 
factors and many sources of uncertainty. Data farming helps 
researchers understand the impact of those factors and their intricate 
interactions on model outcomes. Data farming is the process of using 
computational experiments to grow data, which can then be analyzed 
using statistical and visualization techniques to obtain insight into 
complex systems. Effective data farming draws on state-of-the-art 
technologies including design and analysis of experiments, high-
performance computing, and data mining.  
 
This presentation will provide an overview of faculty and student 
research ongoing since TechCon 2016. This includes methodological 
advances on sequential designs, an assessment of software packages 
that can be used for greater flexibility in modeling the input/output 
relationship between simulation factors and responses, and analysis 
methods that are suitable for efficiently identifying the key drivers of 
performance from extremely compact designs. We also highlight thesis 





Meta-Study of Recommendations to Transition 
Autonomous Functionality 
Mr. Stephen Kracinovich; Dr. Josef Schaff: NAVAIR 
 
The Navy, Department of Defense (DoD), and other services have been 
seeking methods to deliver useful autonomous capabilities to the 
Warfighter. Multiple studies have been performed that have resulted in 
a variety of conclusions and recommendations. However, only very 
limited autonomous functionality has been deployed in fielded 
unmanned vehicles (UxS). It is hypothesized that these studies 
frequently repeat previous recommendations and that as a body of 
work, provide a comprehensive set conclusions and recommendations 
to address this challenge. However, the funding and implementation of 
these recommendations is presumed to be inadequate. DoD and Navy 
leadership are likely to continue to initiate additional studies as long as 
the slow pace of transition of autonomous functionality continues.  
 
It would be useful if these studies had a resource in which to put their 
research into context and to emphasize the core challenges and 
solutions. A meta-study to analyze DoD, Navy, consultants, and possibly 
other services' recommendations regarding autonomous 
systems/vehicles/robotics is proposed. The meta-study would start with 
reviewing candidate reports and creating a list of them and creating an 
online library of those determined to be relevant. The next phase would 
determine where these reports overlap, where they conflict, and to 
what degree (if any) recommendations have they been adopted or are 
being adopted. Additionally, the meta-study would create a relational 
database and provide it to and those performing future 
studies/recommendations and provide for updates based on those 
future studies. This data base would be posted online for access by the 
DoD autonomy community. Finally, the meta-study would attempt to 
draw its own set of recommendations for Navy and DoD leadership with 
a focus on past recommendations that have been stated in multiple 
reports, are likely to be effective, and have not been implemented to a 
substantial degree. There have been many such studies. The latest is 
currently being performed by the Naval Research Advisory Committee. 
20 
Tactical Considerations for MCM CONOPS 
Establishment for Unmanned Surface 
Dr. Kwang sub Song; NPS Oceanography 
 
Overarching concepts of operations (CONOPS) for future counter mine 
warfare USV should be established.   An end-to-end, overall systems 
approach for the new USV systems and technology and an overall 
system architecture are considered for mission effectiveness and cost 
optimization for future system operations in the MCM warfare.  
 
Following the procedures described in DoD and Naval operation code, 
we try to combine and optimize major steps of the mine warfare 
procedure and related latest technology achievements in the 
autonomous vehicle systems. Fundamental considerations for 
development of CONOPs for future MIW USV systems are: the 
combined dedicated and organic MCM capabilities must be optimized 
with a systems view; confirm procedures for selecting the best route 
and MCM sequences based on ISR databases; assess the mine threat for 
situational awareness, including future trends; effective C4I ISR 
operation and information sharing; contingency plan for joint 
countermine warfare operations forces  and ISR assets; technical issues 
related to communications and interoperability, navigation/position 
errors for sensor contacts, type of sensor information; develop 
environmental databases, CAD/CAC algorithms and associated 
thresholds for detection and classification; an overall MCM systems 
architecture is needed to ensure that common standards; compatibility  




Design and Control of an Aerial Manipulator to Assist 
Navy Helicopters in Vertical Replenishment 
LT Aaron Willmarth, USN; Dr. Hyeongjun Park; Professor 
Marcello Romano: NPS Mechanical & Aerospace Engineering  
 
Vertical Replenishment (VERTREP) is one of the procedures used by the 
U.S. Navy to resupply ships while they are underway. A single supply 
ship is sent back and forth from port to forward operating ships. The 
supply ship will carry needed fuel, supplies, mail, and personnel to the 
operating area for delivery to the receiving ships. As the delivery ship 
approaches the receiving ships, one or more helicopters can then be 
used to shuttle passengers, mail, and cargo to receiving ships. Even 
through the U.S. Navy have been doing VERTREP for over fifty years, 
little has changed in the way loads are hooked up to helicopters during 
pickup by ground crew. A manned helicopter with a manipulator 
controlled autonomously and/or remotely could track and grab a 
pendant from the back of a ship and place it on the aircraft without 
assistance from the ground crew, making the operation safer. The use 
of the manipulator carries several benefits. First and most important is 
the process reduces the amount of time that operating warships will not 
be in their operating area. Since one ship moves from the working area 
to the supply ports, this allows operating warships to remain on station 
for longer durations. The development of an initial concept is described 
for a manipulator that could be attached to existing U.S. Naval 
helicopters for assistance in VERTREP. A design of a 7 DOF manipulator 
is introduced, then the relative dynamics is derived to track a pendant 
as a moving target on a ship from a moving base of a helicopter. Using 
control methods the preliminary manipulator design is verified in a 
simulated world through the use of MATLAB/Simulink and the built-in 





Teaming with AI:  Creating Prosthetic Enivronments for 
Mental Health Relisency 
Mr. Gerald Scott: NPS Information Sciences 
 
In clinical psychology the term prosthetic environment is used to 
describe a situation in which a client’s surroundings and interactions are 
mediated by caregivers to account for psysio/socio/cognitive deficits or 
differences. Often, prosthetic environments are described as emergent 
phenomena that create functional teams between clients and long-term 
primary caregivers who have an intuitive sense of the experience of the 
client. Effective caregiver-client teams have been observed in cases of 
pervasive conditions such as severe autism or cerebral palsy giving the 
client more autonomy and agency in their lives. Prosthetic 
environments can create the best outcomes for clients with severe, 
chronic mental-health needs, but the reliance on expert caregivers for 
direct and continual support make them difficult to implement and cost-
prohibitive to maintain.  In a military context, high operations tempo 
limits the ability of combat units to provide mental health support to 
resiliency and mitigate the impact of traumatic and chronic stress. 
 
Bridging the research between prosthetic environments and the 
development of wearable, mobile, and embedded technologies, this 
research aims to develop technology-enabled prosthetic environments 
(TEPE). The technological aspects of TEPE should, in many cases, 
mitigate the barriers to broader implementation of prosthetic 
environment.  In a traditional prosthetic environment, the client and 
caregiver operate as a team, jointly interacting with the environment, 
and jointly embodying and making sense of their experience. In TEPE, 
the AI and suite of devices takes on many of the roles of the caregiver 
by (a), becoming uniquely attuned to the needs, wants, and desires of 
the human client; (b) translating these for other humans not so attuned; 




Runway Detection and Tracking for Autonomous 
Landing of a UAV 
ENS Tyler McCarthy, USN: NPS Systems Engineering 
 
This presentation outlines an approach to develop a robust, real-time 
runway detection and tracking system for an unmanned aerial vehicle 
(UAV) using computer vision and standard guidance, navigation, and 
control (GNC) equipment.  Feature extraction techniques, specifically 
the Hough transform, are used to identify the position and orientation 
of a runway from cameras on board an aircraft.  Information relating 
the position of the aircraft and the runway is then integrated into a 
control system for the final approach and landing stages of UAV flight.   
 
While conceptual in nature, this presentation utilizes modeling and 
simulation to demonstrate the feasibility of a computer vision approach 
to an autoland capability for a UAV.  This approach could also have 
potential applications in other autonomous fields by illustrating the 
practicality of vision-based feedback for guidance and control of 
unmanned autonomous systems.   
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UAV Electromagnetic Sensors for Spectrum Sensing and 
Propagation Environment 
Professor David Jenn: NPS Electrical & Computer Engineering 
Electromagnetic (EM) sensors onboard small UAVs can be used for the 
critical functions of: (1) monitoring the electromagnetic (EM) spectrum, 
(2) collecting data to evaluate the EM propagation environment, (3) 
determining EM emissions by fleet assets (ship’s radiating systems), and 
(4) estimating ship’s emitter detectability by non-cooperative intercept 
receivers.  
 
Assessment of real-time propagation conditions is needed to accurately 
perform these radar, communication and electronic warfare functions.  
Anomalous propagation mechanisms, such as ducting, have a strong 
influence on the directional distribution and strength of EM waves.  
Many techniques have been employed to estimate the propagation 
environment, such as (1) using radar clutter return, (2) point to point 
transmission loss and phase measurements, (3) collection of 
meteorological data (temperature, humidity, etc.), and (4) GPS signal 
occultation. 
 
Rather than sensing the meteorological properties of the environment, 
signal transmission to and from a number of sources and receivers are 
used to build a picture of the electromagnetic environment and the 
propagation conditions.  The sources and receivers can be distributed 
on UAVs to obtain a detailed EM “map” over large distances and a wide 
frequency band.  The EM data can be used in parallel with 
meteorological data to enhance the real-time propagation model.  
Recent developments in commercially available small transmitters and 
receivers make the concept of outfitting large numbers of UAVs with 
EM sensors feasible and affordable. Propagation simulations were 
conducted using state-of-the-art commercial computational EM 
software.  Various meteorological conditions were reproduced, and the 
loss characteristics for transmissions between networks of UAVs and 
ships simulated.  Using the loss data, the gross real-time propagation 
conditions are estimated.  It is shown that the presence of surface and 
elevated ducts can be identified using this method.  Several operational 
issues (e.g., number of UAVs required, flight patterns, altitudes, data 
collection times, etc.) are also discussed. 
 
25 
Fast Autonomous Recon System Prototyping 
LT Marcus Torres, USN: NPS Systems Engineering 
 
The United States Marine Corps (USMC) uses the V22 Osprey aircraft to 
conduct its long-range missions. The Marines onboard the V22 would 
like to have real-time intelligence, surveillance and reconnaissance (ISR) 
data about the landing zone (LZ) as they approach it. They are 
considering using unmanned aerial system (UAS), which will be capable 
of reaching the LZ ahead of V22, loitering there, and transmitting LZ ISR 
data back to the V22 for at least eight minutes prior to LZ arrival.  
 
This presentation presents a study on analysis of alternatives for 
providing ISR for forward deployed Marine units, design and 
construction of FAST ISR prototype, testing and analysis evaluation of 
the FAST ISR’s key technologies. 
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Ethical Mission Definition and Execution for Maritime 
Robots: A Practical Approach 
Dr. Don Brutzman: NPS Undersea Warfare 
Many types of robotic vehicles are increasingly utilized in both civilian 
and military maritime missions. Some amount of human supervision is 
typically present in such operations, thereby ensuring appropriate 
accountability in case of mission accidents or errors. However, there is 
growing interest in augmenting the degree of independence of such 
vehicles, up to and including full autonomy. A primary challenge in the 
face of reduced operator oversight is to maintain full human 
responsibility for ethical robot behavior. Informed by decades of direct 
involvement in both naval operations and unmanned systems research, 
this work proposes a new mathematical formalism that maintains 
human accountability at every level of robot mission planning and 
execution. This formalism is based on extending a fully general model 
for digital computation, known as a Turing machine. This extension, 
called a Mission Execution Automaton (MEA), allows communication 
with one or more "external agents" that interact with the physical world 
and respond to queries/commands from the MEA while observing 
human-defined ethical constraints. An important MEA feature is that it 
is language independent and results in mission definitions equally well 
suited to human or robot execution (or any arbitrary combination). 
Formal description logics are used to enforce mission structure and 
semantics, provide operator assurance of correct mission definition, and 
ensure suitability of a mission definition for execution by a specific 
vehicle, all prior to mission parsing and execution. Computer simulation 
examples show the value of such a Mission Execution Ontology (MEO). 
Expressing the MEO using Semantic Web technologies provides a new 
capability: mission orders can be semantically validated to contain no 
logical contradictions. The flexibility of the MEA formalism is illustrated 
by application to a prototypical multiphase area search and sample 
mission. This project presents an entirely new approach to achieving a 
practical and fully testable means for ethical mission definition and 
execution. This work demonstrates that ensuring ethical behavior 
during mission execution is achievable with current technologies, for a 
wide variety of human-tasked maritime robots, and without requiring 
artificial intelligence abstractions for high-level mission definition or 
control. Plans for future work includes thesis investigation of diverse 
human-robot missions and at-sea testing. 
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Maritime Interdiction Operations Involving High-Speed 
USVs 
Mr. Alex See; Dr. Satadal Ghosh: NPS Systems Engineering 
 
This presentation presents a study to close a gap in performing high 
speed interdiction operations safely with high success rate by employing 
unmanned surface vehicles. The system engineering approach is applied 
to the overall multiple unmanned surface vehicles system design and 
configuration. The navigation algorithm is built upon an existing 
algorithm (all-aspect planar approach to a stationary point) and is based 
on classical proportional navigation approach modified to include 
multiple pursers to pursue a moving target and collision avoidance for 
safe navigation. 
28 
Generalized Optimal Control for Networked 
Autonomous Vehicles in Uncertain Domains 
Dr. Sean Kragelund; Dr. Claire Walton; Dr. Isaac Kaminer: NPS 
Mechanical & Aerospace Engineering 
Networked autonomous vehicles have great potential in a wide range of 
littoral sensing applications, including mine countermeasures (MCM), 
undersea warfare (USW), and intelligence, surveillance, and reconnaissance 
(ISR) missions. Motion planning algorithms which consider the capabilities 
and limitations of individual vehicle/sensor configurations are a key enabler 
for optimal employment of  dissimilar vehicles to accomplish a given 
sensing objective. Optimal control is a model-based  framework for solving 
motion planning problems with multiple vehicles, dynamic constraints, and 
complex performance objectives; although they usually require numerical 
solutions and deterministic  formulations. Recent research at NPS, 
however, has produced a general mathematical and computational 
framework for numerically solving these problems, even in the face of 
parameter uncertainty: Generalized Optimal Control (GenOC). GenOC has 
been used to solve complex motion planning problems with multi-agent 
interactions, in applications ranging from optimal search to swarm defense 
and target herding behaviors. This presentation describes recent CRUSER 
supported research which utilized the GenOC framework to generate 
optimal search trajectories for multiple, dissimilar vehicles conducting 
MCM with different sonar systems. The resulting trajectories have been 
shown to outperform traditional lawnmower coverage patterns when 
detecting mines under time or resource constraints. Moreover, the ability 
to rapidly solve optimal search problems in this framework can establish 
performance benchmarks and provide important insights into optimal 
sensor and vehicle employment strategies. These capabilities are being 
developed into an experimental mission planning and analysis tool for the 
MCM community. We will also highlight how GenOC will be used to 
generate optimal vehicle trajectories for aerial, surface, and underwater 
vehicles during the upcoming CRUSER/JIFX multi-threaded experiment 
(MTX) at San Clemente Island in August, 2017. ScanEagle UAV trajectories 
will be devised to provide persistent aerial surveillance and mesh network 
connectivity in support of blue team operations, while also guarding against 
potential red team incursions. Meanwhile, SeaFox USV trajectories will 
implement search patterns to detect surface threats with radar, while 
relaying communications between ScanEagle aircraft and REMUS UUVs 
executing optimal sonar search patterns.  
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